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   ´Xpo{n§¢Pnqjki«{|hloXWrIpoXvr(Xrdsv(¢sXWikikXnq{|dgTXjurIp|XW{nsp|ju¢GXf X ¥gikds{nPpojkdsr fgv¶WdsVYdG{y¦
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nsl\jkl|lyvl^fgXYlojuVwviknqpojkdsr(l^rzvVYhW{|jk}IvX;l\s¦¯_ª\p¬M~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(iuhXei vgp|juikjmlonqpojkdsr¡f vrX.nq{|dgTXTzxz{ojmfgXfgX. dGV4({oX;lolojudGr fXlfdsrrhXl¬´dGV4VYXimneVnsl|loX
fX4fgdGrrhXlfgXWVYXv{oX4nq{|Ul& dGVY{oX;lolojkdsrep|XWikiuXY}Iv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nqiks{|Ulvr?T(nq{|sXV4XrIp\X p&vrXwfh dGVY{oX;lolojkdsr {oh;nqikjklohlRXWr¶MXW{|V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\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fXfgdsr(rhWX;l\Wns{RXWikikX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 vr¶T(hWrdGV4UrXXWp^fgdGr(lodsr¶nqrnqikxzloXs¬
n({oh; jmlyjkdsr }GvnqrIp .XiuikXst«X;lprh; Xl|l|nqjk{oX imn.¢§nsiujmfnqpojkdsr?fX4i nqr(nsiuxgloXw(ns{iuX;l^vpojkiujmlonqpoXv{|lfv
loxglp|UWVYXs¬
~dsv({{ohdGr(fg{|X?i XWrlyXVikXefgXlWdsrIpo{nqjkrIpoXlwXWr(sXWrfg{ohXl4(ns{4v(rXelyjkVvimnPp|judGr Xr s¦¯_ª\pt
jkiXlyp¶nqikds{lrh; X;lol|nqjk{oX?fgX· dsVwjkrXW{ fgXWv¥@fgdsVnsjurX;l.jurg£¤dG{oVnqpojm}Gv(Xl SiknKH BÉ  BÉ;gWB Á D }Ivj
£¤dGv{|rj³pimnYVYh poT(dzfX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 XW¥giudG{|nqpojkdsr.fgXlRfdsrrhXltgX pRimn  Á 
 X ½ ;CB ÁED Â ½ Â Á DDz½  }Ivj#X{oVYX p
imnKfjuVYjkrIvpojkdsr fXl4nsWWUlw¢sX{|liuX;lwjkrIpoX{y£ÉnG XlwfgX lp|dzµPnssXl¬´X;lwfXWvg¥·p|ThWVnPp|jk}IvX;lwlodsrIpYfgdsr(
nsdG{|fhWXlf(nqr(lWXYpo{n§¢PnqjkiEfgX{|XTX{|TXGt«iuX(vgph pnqrIpfgX({odGdIlyX{&v(r¡ dsv(iknssXfgX;lfgXWv¥»}Ivj
{|hWMdsrfgXw(juXr nsvg¥K dGr(fgjupojkdsr(l&{|hWhfgXV4VYXrGphW¢Gdg}Gv(hWXl T jkrIpoX{|nGpojkdsrKpoXV4l{ohXWiX ppo{|Ul&T(nsvgpoX({oh; jmlyjkdsr V ¬MZ\dsv(lTX{|T(dsr(l&fgdsr {oh;nqikjkloXW{fnqrl&WXw{nq(dG{ypfgXw{|XT(XW{TXvr dsvgp|juijkrIpoXW{ns poju£f XW¥z(iudG{|nqpojkdsrXWp\fgX¢zjklov(nqikjmlonqpojkdsr fgXfgdsrr(hWXll|Wnsiknsju{|Xls¦¯_ T ª\p V ¬
&('  ;p)- p 09s:07=)< 8 /+0
 WXdsv{;tikXlTzxglojkWjuXr(l¢zjklov(nsiujmlyXrIpX;loloXWrIp|juXiuikXWVYXWrIpikXlfgdGrrhXls¦¯_ Xr {|hnsiujml|nqrIpvrXjkrGp|h ¦
G{|nqpojkdsrloXWikdsr.fgXWv¥fgXl}Iv(nqpo{|X\¢Pnq{|jknsikXl¬z  nR@T(nqGX\lyX{|hfgv(j³pfgdsr 4vrX&jkVYnssX§¦©_ T dsv.vrX¢zjmfghWdeXr  dGr(lojkfgh{|nsrIpikXp|XWVY(l V ¬X{|ds(iuUV4XXlypw}IvXpodGvgpoX;likXlV4hWpoTdgfgX;lfgX¢Ijmlov(nqikjkl|nPp|judGrnslohWXl´lyv({fgX;ljkrIpohs{nPpojkdsrlWtG{odsX pojkdsr(ldsvWdsvMXl´dGv{{oh;fgvjk{oX^iknwfgjuVYXr(lyjkdsrfgXvg¥dsvp|{odGjkl









fdsr(jkrIpo{|jurlyU;}Gv(XWVYXWrIp\jkr(nsf(nqgp|hWXl 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 hWp|nsrGp
nslimnwV ?V4XG¬
 rdspo{|X Wdsrrnqjmlol|nqr(WXstjuiRl	 nssjupYf(nqr(lWX!{nqMds{opf v(r {|XWVYjkXW{4po{n§¢Pnqjki dsrlonG {|h?ikn?¢zj³¦
lov(nsiujmlonqpojkdsrefgXYfgdsr(rhWX;lRimnsloVnjkl|lovXl^f v(rX4lojkVvimnPp|judGreq¦©_ª\p&(nq{&fgjkl| {|h p|jkl|nPp|judGr¶fgXi Xlo(nsWX
fXl´T(nsloXltIiknG}Gv(XWikiuXRMXW{|VYX pfgX\¢zjmlyvnqikjkloXW{´iudgWnsiuXVYXWrIp´i Xr(loXWV(iuX&fgv{|hloviup|nPpf vrXlyjkVvimnPp|judGr
WdsrIpo{nqjk{|XWVYXWrIpnqvg¥({odsXp|judGr(lvgpojkikjklohWX;lv(lo}Iv nqikds{l¬
nlydGiuvpojkdsr¶}IvXrdGv(lR({odGdIlydGr(lRloX(nsloXlov{\vr(Xw dGVjkr(nsjklodsr XWrIp|{oXikX&±£¤dg v(lª WdsrIpoXW¥zp²
T XWr vgpojkiujml|nqrIp4v(rX!ikdsv(X.¢zju{opovXiuikX V X p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 ns{yp&dGv{^v(rXwfgX;loW{ojkgp|judGr¶ikv(l^fh p|nsjuikikhWXwfX4WXlRVYhWpoTdgfgX;l V ¬#X{|jkr( jkX4shrhW{nqi#XWrKX;lp&iuXlovjk¢PnqrIp S(Xr¶fgXWTdG{|l\fgXimniudGvMXstimnfgdGrrhWXXlyp\n
@ThWXnq{\lojuVYikXjkrIpohWG{|nqpojkdsr¶§¦©_ WdsVYVYXiuX
£¤dGrIpiuX;lTzxglojkWjuXr(lns povXiuikXWVYXrGp;¬]¶nsjklwnqv¡loXWjkr¡fgXimn iudGvMXstT(ns}IvXnsloXfgX{|dqX;pojkdsr¡P¦¯_
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nqjkrIpoXWr(ju{
v(rXMXW{o£¤ds{|Vnqr(WXpoXV4l^{|hWXi#V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f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nqim vikhWX;l »(nq{opojk{fgXes{|juikikXl4vrju£¤ds{|VYXlf vr ¢sdGiuvVYX.podsp|nsiRfgX p|nsjuikiuX
N4
¬#n W q	 ½ Â ½















(u, v) ∈ [1, N ]






(i, j) ∈ [1, N ]
t§ dG{o{|XloMdsr(f 













































±£¤dg v(lnqr(fWdsrIpoXW¥zp²E dsVwjkrhWXn§¢GXvr(XVYh p|TdgfgX±y ´dG{oimfl« jupoTjkr ds{|ikf(l©²¬WX±©£¤dg vl©²XlypVnPp|hW{|j³¦
nsiujmloh(nq{v(rX  Á X ½R}IvjsMXWvp? p|{oXEfhWimnsWhWXjkrGp|XW{ns pojk¢sXWVYXrGpnq{i vpojkiujmlonqpoXv{¬§´X pyp|XEikdsvMXErdspohWX
LuL,vL,SL





(k, l) ∈ [1, SL]
X p
































fghlojuGrX.vrX  ÁED qWB Á D Â ½
WP D 	 ½ § }Ivjnsl|lodzWjuX wpodGvgp\l|Wnqimnqjk{|X^vr!po{|jkiuXWp\fgX dGvikXWv{
(R, V, B)
¬
























































¬  XlypMdsv{}IvdsjEr(dsv(l{odGdIlydGr(lf nsfnsgpoX{imn {oh;lydGiuvgp|judGr·fgXl
lodsvl¦¯Xlo(nsWXl
Du,v
wikXWv({dIlyjupojkdsrenqv loXWjkr.fgXimn4iudGvXnsjurlyj}Iv 4ikn4MdGloj³p|judGr.fgXi dG(loXW{|¢§nqpoXv{¬
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n°(Gv{oXw¸VYX pnqjkr(lojXrKn§¢PnqrIp\ikXl^po{|dsjmlR{|jkr( jk(nqv¥ GdsvikX pl\f h p|{|nsrsikXWVYXrGp&fgv?loxglp|UWVYXuS
ikX^poXWVY(lVYjmlMdsv{ikX^T(ns{oGXWVYXWrIp´fhWMXWr(fnsrIpfgv.fgjmlo}IvX&X pfgX&iknp|nqjkikiuXfgXl°TjkXW{l£¤dsr( pojkdsr!fv
pnqvg¥YfgXR dGVY{oX;lolojkdsrtPikXpoXVY(lEfgX\fh dGVY{oX;lolojkdsrYfghWMXWr(f(nqrIpfgv{|dg Xl|loXWv{XWpfgXRimn&poXT(rjk}IvX
fX4WdsVY{|Xl|lyjkdsrtX piuX4p|XWVY(l&VYjkl&(ns{^imn!nq{opoXws{nqTjm}IvXwfhWMXWr(fnsrIpfgv?rdsVw{|XwfgXwpo{|jknsrsikXl
Xrz¢sdPxsh;lW¬#XlRpo{|dsjmlpoXVY(l^WvVv(iuh;l^fgdGju¢GXWrIp\{|hWMdsr(f{oXnsvK {|j³p|UW{|XfgXp|XWVY(l^{ohXWi8¬MZ\dqp|dsr(l^}Gv(Xikn
MXW{o£¤ds{|Vnqr(WXXlypimnikv(lfhWs{nsfhWXikds{lo}IvXi vpojkiujmlonqpoXv{VYdgfgju°(X\ikX\(nGlEfgX\poXWVY(l¬a\ErXX p;tI X;lp
i }IvX^iuX&ikv(lfgX&fdsrrhXllydGrIp wTnq{|sXW{X p wfghWdsVY{|Xl|lyX{¬IZRdGv(l¢GdPxsdGr(lEfnsr(likX&(nq{nqG{|nsTX
lovjk¢PnqrIpiknwpoX;Trjm}IvXvgpojkikjklohWXMdsv{RnR@TXW{imn4nq{opoXfgXT(nsvgpoXv{;¬






fh p|nsjuikikhWXst X;lpo¦ q¦¯fju{|X&lodsvliknw£¤ds{|VYXf v(rXWns{yp|XfXT(nqvgp|XWv{Xr.¸q¦¯_ T ¢sdGju{°(Gv{|X V ¬_^Xpo{|UlRrdsVw{oXv(loXlVYh p|TdgfgXlRfX¢zjklov(nqikjmlonqpojkdsr!fXWns{yp|XlfgXT(nsvgpoXv{RdGrGpRhWpohfhW¢sXiudGMhWXl
nq{ikX(nGloloh T jki´l	 nssjupf vr fgdGVYnsjur(XnqMXWikh¢zjklov(nsiujmlonqpojkdsr·fgXp|XW{|{|nsjurl V ¬~nq{|V4jiuX;lVYh p|TdgfgXlikXlikv(l´WdsrrzvX;lErdGv(lEMdsv(¢sdsrl jupoX{(ns{XW¥zXVYiuX\iuX& Ã \] L _ Å
+
CQ T X;nqiu¦Ap|juVYX Ã pojkVYnsiuikxf(nqgp|jur%]eXloTX;l V }Ivj dsrlyjmlp|X %nsfnsgpoX{!ikX rdsVw{oX?X p ikn¡p|nsjuikiuX»fgX;lp|{ojmnqr(sikXl imn¡MdGloj³¦p|judGr?fgX4i dG(lyX{o¢PnqpoXWv({¬«´XWMXWr(fnsrIp^p|dsvgp|Xl X;l^VYhWpoTdgfgX;l\£¤dGrIpfgX;lWnqim v(ikl T X;loloXWrIpojkXWikikXWVYXWrIpfgXlVYX;lyv{|Xlf XW{|{oXv{ V }IvjIMXWv¢GXWrIp?Wpo{|X dgpoXvg¥«¬ Ã {#imn\fh dGVY{oX;lolojkdsr}IvXErdGv(llodsVYVYXl# dsrIp|{|nsjurIp|lf nsikjk}IvX{VYdGrdsMdsikjkloXfgh &i X;loloXWrIp|juXifgXl{|Xl|lydGv{ Xl´~[tslyjg(juXrY}Iv jkigr X;lpVnPp|hW{|juXiuikXWVYXrGp
nslMdGl|lyjkikXf nsikjk}IvX{R X&pxzXf nqiksdG{ojupoT(V4X;lW¬
_^Xikv(lWtsrdsv(l({odGdIlydGr(lfgXrdsvllyX{o¢zjk{fXikn dGVY{oX;lolojkdsrMdsv({ dGrGp|{ GiuX{imn{|hlodsikvgpojkdsr4fgXl
nq{opoX;lEfgXRT(nsvgpoXv{ n
@TXW{;tqi nR@T(nqGXloXRikjuVYjup|nsrGpnqikds{l  dGr(lypo{|vju{|Xpo{|jk¢IjmnqikXWVYXrGpEv(rrdsVw{|X
fXRpo{|jmnqrGiuX;lEhWInqi fgXWv¥4£¤dGjkl´ikX\rdGV{|X\fgX^j³¥gXiklfgX\imnnq{opoX T fgXWv¥4p|{ojmnqr(sikXlEnq{(j³¥gXWi V ¬(´XWpypoXWdsVY{|Xl|lyjkdsr#tMnslohWXYlyv{ikXldsr(fgXiuXWpyp|XlfgX  ^nsnq{ T ¢sdsjk{(nq{nqG{|nsTX4lyvjk¢PnqrIp V XW¥g{ojkVYXYiuX;llydGv(l¦X;lyns X;l
Du,v


































  vgp|juikjmlonqpojkdsr fX!imnKikdsv(X KfgX;l4{oh;lydGiuvgp|judGr fgj Mh{oXrIpoXl4MXW{|VYX pnqjkr(lyjfgX.VYX pyp|{oX Xr ¢PnqikXWv{
ikXlfh p|nsjuimlfgv ThrdsVYUWr(XYfXVYnsrjkUW{|XwikdgWnqikjmlyhXwXr»Wdsr(WXWrIpo{nqrIpiuX;l{oX;lolodsv({|WXl&´~´[ X p P&~[
v(rjk}IvXVYXWrIpwlov{ikXlMds{opojkdsrlfgXimnelojuVwviknqpojkdsr vGhWX;ljuVYMds{op|nsrGp|Xl(nq{i vgpojkiujml|nPpoXv{;tpodGvgpXr
Wdsr(loXW{|¢PnqrIpvrX¢zjklojkdsr.sikds(nsiuXfgv ThrdsVYUWr(Xnsv!¢Gdsjmlyjkr(nssXfgXikn4(ns{yp|juXWjuikhWXG¬
  X;loloXWrIpojkXWi´fgv po{n§¢§nsjui´fgX¢zjklov(nqikjmlonqpojkdsr»lyXloj³p|vXfgdGr(nqv»rjk¢sX;nqv»fgXimnefghWdsVY{|Xl|lyjkdsr fgXl
lodsvl¦¯Xlo(nsWXlfgvefgjmnqsr(dGlypojm}Gv(Xs¬(  X;lp\WX}Gv(Xrdsv(lfh p|nsjuikikdsr(lfnsr(likX(nq{nqG{|nsTX\lovjk¢§nsrIp¬
$   / ,.# Ä1!-1.. $' )¹
Z\dsv(l4fgh; {|ju¢Gdsr(l4fnqrlwWX!(ns{|nss{nqT(Xikn¶poX;Trjm}Gv(X.fgX  dGVY{oX;lolojkdsr¡}IvX.rdsv(lYn§¢Gdsr(lV4jmloX!Xr
dzXv¢z{oXG¬R´XWpyp|X?p|XTr(jk}IvX Gns{|nsrGp|j³p.vr@p|nqv¥@fgX· dGV4({oX;lolojudGr­jkV4Mds{op|nsrIp!p|dsvgpeXWr@{|hloXW{|¢§nsrIp
v(rX!G{|nsr(fgX!{oh; jmlyjkdsr#¬\EikikX.MXW{|VYX pvr%T(nq{|sXV4XrIpw{nqjmfgX!fX!i jkrg£¤dG{oVnPp|judGrtX pYXlypnsfnsgpohX
!imn!VYhWpoTdgfgXTjkhW{nq{Tjm}IvXwfgXY¢zjmlyv(nsiujml|nPpojkdsr }IvXYrdsv(l¢GXWrdGr(lfgXfghW{ojk{|Xs¬#´X popoX dGVY{oX;lolojkdsr
l	 nqikjm}Gv(X .T(ns}IvX4fgjknssrdIlp|jk}IvX
D





  vr D B H½    Á s  t  Xlypy¦ P¦©fgjk{oXwdGv{T(nG}IvX4lodsvl¦¯Xlo(nsWX Du,v ¬´T(nsWvr»fgX X;llydGv(l¦Xlo(nsWXlRWds{|{oX;lyMdsrfYv(rXjkVnqsXP¦¯_ }Ivj#MXWvgph? p|{oXWdsVY{|Xl|lyhX(nq{\vrXp|XTrjm}IvXwP¦¯_
 imnsl|lyjm}IvXs¬P~dGv{rdqp|{oX(ns{yp;tPrdsvlvgpojkiujmlodsr(lvr(XR dsVY{|Xl|lojudGr(nq{dGr(fgXiuXWpypoX;lfgX  \nGnq{Mdsv{
XX povX{RiknYWdsVY{|Xl|lyjkdsr.fgXT(nsWvr fgX Xllodsvl¦¯Xlo(nsWXl¬




 :')& *,+  :;09s1s1p +- :09s sa+  sW09s :<  09s :<O; +.-09=)0 /1/10s0 <O<O;
#X{|jur jkXfX XWpypoX4 dGV4({oX;lolojudGr!X;lplyjkVYikXX p^Wdsrrzv L ]evi CQ¯tfgX X£Énqjup^rdGv(lrX4fgh pnqjkiuikdsr(l
nsl^jkWji Xr(loXWV(iuXYfgXwWXw({odg X;lolov(l\VYnsjkl&loXWvikXWVYXWrIp&iuX;l^G{|nsr(fgX;lRh pnqMXl¬M#Xwlodsv(ly¦¯Xlo(nsWX
Du,v
t




O    	
5	!	
XrK{|dg h;fnqrIp\ikjuGrX4(nq{&iujksr(Xwv(jkl& dGiudGrrXnq{ dsikdsr(rXs¬«Xw{oh;lyv(i³pnPp&fX4WX pyp|Xp|{|nsr(ly£¤ds{|V4hXXr



















X;lyns XG¬(©iXlyp&nsjur(lojnsjklohwfXwloX{oXr(fg{|XwWdsVYgpoXw}Gv(XikXpoXVY(lfgXwnqim vifgXwWX pyp|X{|XWdsr(lypo{|v(p|judGr
fhWMXWr(f»fgjk{oX;p|XWVYXWrIpfgXYikn.{|hlodsikvgpojkdsr lydGvT(nsj³p|hWXS«ikv(limn!{|hlodsikvgp|judGr?fgXYimn!{|XWdsr(lypo{|v( pojkdsrKX;lp
£Énsju(iuXGts  Xlypy¦ P¦©fgjk{oXikv(likXRrjk¢sXnsv4f(nqr(limnzxI{nqVYjmfgXXlypEhWikXW¢GhX pEVYdsjkr(likXlp|XWVY(lfXRWnqim v(i(lydGrIp
jkVYdG{ypnqrIp|l¬
_  nsvgpo{|X\nq{optz dsVYVYX\i XWr(loXWVwiuX&fgXl¢PnqikXWv({|ljkl|lyv(XlfgX\imnp|{|nsr(l£¤dG{oVYhX
H(Du,v)
Wds{|{oX;lyMdsr¦
fXWrIp fgX;lfgj Mh{oXr( X;lWtG XWikikXly¦¯Wj(lydGrIpE{odgTX;lEfgXRºhW{|d(¬sn dGV4({oX;lolojudGr4Wdsr(lojmlp|XRnqikds{l &°¥gXW{v(r
loXWv(juirdspoh
ε0




























































































1,1 0,9 1,3 1,2
1 1 1,1 1,2
10,910,8























ε0 = 0, 1














































°sv{|X4{|hlovVYX XWpypoX({odg h;fgv{|X&f(nqr(likXWnGlf v(r lodsvl¦¯Xlo(nsWX^fgXpnqjkiuikX
4 × 4
¬
 :'ml *,+  :;09s1s1p +- 6= +  <O=)0 <  -:p q.03<    p <O6.-:+.sd/5p  0











´XR({oXV4jkXW{rju¢GXnsvYfX\ dGV4({oX;lolojudGrYrXpojkXWrIpnslEWdsVYgpoX^fgXl´ ds{|{|hWimnPpojkdsrl}Iv jkiMXWvgp´x4n§¢Gdsjk{
XrIpo{|XikXlYfgj Mh{oXrGplwlodsvl¦¯Xlo(nsWXlwf v(r V ?WVYX fgjknssrdIlp|jk}IvX
D
¬  X;lpYMdsv{}Ivdsj8tv(rX.loXWdsr(fX
(T(nsloXfgX dsVY{|Xl|lojudGrXlypR{|hnqikjmlyhX^Xr fXWvg¥hWp|nsX;l S
U ¬   gWB Á D Â  D ÂiBÉsCB Á DiD BÉ ½  Á 
 

















~dsv({^X	MX;pov(XW{&ikn WB Á D Â ½ !g  ½ 
Tu,v
















































jup|llodsrIp&lov5@l|nqrIp|lt(v(jkl|}Iv jkiml\MXW{|VYX pyp|XWrIpi dsgp|XWrIpojkdsr
fX






Xlyp 4{|hloXWrIpRfgh °(r(jlydGv(liknw£¤dG{oVYXf vre dsv(iuX
(Bu,v , Iu,v)nGlolodg jkh&nsv.fjk pojkdsrr(nsju{|X
TD
 dGVYVvr wpodGv(liuX;lRlodsv(ly¦8X;lyns X;l´fv.V ?V4XfgjmnqGrdGlypojm}IvX
D
¬
Z\dsv(lYX	MX;pov(dsr(lYXr(lyv(j³p|X.imn  Á 



























l ∈ [0, K − 1]
tMlodsrIp
fh °(rjkXlw(ns{






t  Xlypy¦ P¦©fgju{|Xloj


































TD = {9.9 ; 9.8 ; 9.07 ; 9.03 ; 9 ; 8.7 ; 7.4 ; 7.1 ; 7.09 ; 7.08 ; 7.05 ; 7 ; 4.6 ; 4 ; 3.9}.





{9.9 ; 9.8 ; 9.07 ; 9.03 ; 9 ; 8.7 ; 7.4}
t
{7.1 ; 7.09 ; 7.08 ; 7.05 ; 7}XWp










{v0 = 9.9 ; v0 − 10× ε2 ; v0 − 83× ε2 ; v0 − 87× ε2 ; v0 − 90× ε2 ; v0 − 93× ε2 ; v0 − 107× ε2}
dGv¡XWr ds{|X
{9.9 ;−10 ;−83 ;−87 ;−90 ;−93 ;−107}




T ′D = {9.9 ;−10 ;−83 ;−87 ;−90 ;−93 ;−107 ; 7.1 ;−1 ;−2 ;−5 − 10 ; 4.6 ;−60 ;−70}.






	, ." 	W 1!*" 	 /  .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 	!"#$ U 
Génération des triangles




à un niveau de résolution m
Création des cartes
de hauteur
Boucle itérative de la visualisation 
Sélection d’un pas de temps t Déplacement de la loupe
sous−espaces de 
Chargement des moyennes des 




Phase de pré−calculs :
génération des fichiers des données compressées (dictionnaire et sous−espaces pour chaque pas de temps)




Chargement du dictionnaire 
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#X{|dg Xl|lov(lfghvgpoX.(ns{vrX!T(nGlyXfX{|h ¦©WnsikWvikl}Gv(j´r Xlyp4fdsr({oh;nqikjklohWX}Iv vrX.lyXviuX








 vrefgjmpojkdsr(r(nqjk{oXWdsVYVvr T tD
lypodgµGh&lodsv(lv(rX£¤ds{|VYXWdsVY{|Xl|lyhX&f(nqr(lvr.°T(juX{t
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n
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fgvefgjknssrdIlp|jk}IvXG¬5\Er(lovjupoXloXWvimlikXllodsv(ly¦¯Xlo(nsWXl dGr( X{orh;l(nq{imn4iudGvMXlydGrIp











#ds{lo}IvXi vpojkiujmlonqpoXv{fghiknG XimneikdsvMXfgXr(dsv¢GXnqv¥Kiudsp|llodsrIph¢sXrGp|vXWikikXWVYXWrIpT(ns{oGhlX p
fh dGVY{oX;lolohl¬([\rKlyxglypoUV4XwfgXwnsTXMXW{|VYX p&fXVYjur(juVYjmlyX{\ikXl&nsWWUlRl|nsTnqrIp\}IvXimnikdsvMXrX
loX\fghimns X\podGvPdsv{l}IvX^f v(r!lodsv(ly¦8X;lyns X ikn£¤dGjkl´¢sX{|lEiuX^T(nqvgp;tGikX\nsltsimnGnsv(TXdGviknfg{odGj³p|Xs¬
#ds{lo}IvXi vgpojkiujml|nPpoXv{wTnqrGXfgXnslfXpoXVY(lWt  Xlypwi XWr(loXWVwiuX.fgXimne{|dg h;fgv{|X}Ivj´X;lp
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SdsvpoX £¤dGjklt«vr¡TdGj³¥v(fgjm jkXWvg¥ dGv{ikXYp|nqv¥ fgXWdsVY{|Xl|lyjkdsr?X pimn!p|nqjkikiuXfgXikdsv(XMXW{|VYX pfgX
VnsjurIpoXrjk{vrXMXW{o£¤ds{|VYnsr( X^poXVY(l{|hWXWi«V ?V4Xikds{lf vreT(nqrGXWVYXWrIpRfgXfgjmnqGrdGlypojm}IvXs¬
Z\dqpodGr(l^(nq{nqjkiuikXWv({|l^}Gv(XrdGv(l\r(X4lodsVYVYXl\(nsl^iujkVYj³p|hl&(ns{\ikXwrdGV{|XfgXw(nsl&fgXwpoXV4lWtMikn












nsiuikdsrlfghlods{|Vnqjml{|hloXWrIpoX{ikXlfj hW{|XWrIpoX;l¢zvX;ld XW{opoX;l(ns{w XWpdsvpojkiAtnqjkr(loj´}IvXikXlp|nqv¥»fgX
WdsVY{|Xl|lyjkdsr.}IvXrdsv(ln§¢Gdsr(ldGgpoXrIvlX{oVYX pop|nsrGpRv(rXnq(iujmWnqpojkdsrp|XWVY(l{|hWXiA¬
')& g0  :- p 007qp)s<>= p)sa<i/5p)+.-
~ns{RlydGv( jmlfgX dGV4({ohTXWr(lojkdsrtgrdGv(ln§¢sdGr(lv(l|}Gv  4{|hloXWrIpR dGr(lyjmfgh{ohvrjm}IvXWVYXrGpRikXWnGldk.iuX
fjknssrdIlp|jk}IvX
Dt


























nK°sv{|X¶{|hloXWrIpoX.imnK¢zjmlyv(nsiujml|nPpojkdsr%f vr%fjknssrdIlp|jk}IvX.lyXiudGr%}Iv(nqpo{|X.fgj hW{|XWrIp|l4Xlo(nG Xl
f jkrIpohWG{|nqpojkdsr¬









©iXlyp\nqjkr(lyj#dIloloju(iuXGtXWre dGv{lf XW¥gh vpojkdsrt(fXVYdzfj³°(X{RikXTdsju¥!fgXi Xlo(nsWXf jkrIpohWG{|nqpojkdsr¬
´XTdGj³¥X;lp\Wiknsju{|XWVYXrGpjmfgXWrIpoju°nsiuXlov{i nsikjknPpojkdsr.(ns{v(r.Xr(WnGfg{|h^{|dsvGX T h p|jk}IvXWpypoX T)UWV fgXimnK°(sv{|X! V tnqjkr(loj}Gv(X!ikXlYnP¥gX;l4T(dsjmlyjmlMdsv({4i Xlo(nsWX!fgX {|XW{|hloXWrIp|nqpojkdsr·XWpYikXlYlodsv(lwXlo(nG Xl
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WdsvikXWv({|l4nqjkr(loj}IvX.iuX;l4¢§nsiuXv{lVYjkrjuVwvV XWp4VnP¥gjkVvV fX!i X;lyns X.f jurIpohs{nPp|judGr  dGv{|nsrIpwX p
fXYloXllodsvl¦¯Xlo(nsWXl¬©i£ÉnsvgphWInqikXWVYXWrIprdqp|XW{}IvXikXl&°(Gv{oX;lXWp!({oh;lyXrGp|XWrIpi jurIp|XW{o£Éns XfgX
i nqikjmWnPp|judGrikds{lo}IvX^ikn4ikdsvMXr Xlypnslns pojk¢shWXG¬g  nqikjmWnPp|judGrMXW{|VYX pRnqikds{lv(rX¢Ijmlov(nqikjkl|nPp|judGr
f(nqr(likXVYdzfX&TnqjupovXiuikXWVYXrGpRvpojkiujmlyhnq{ikXlTzxglyjm jkXWrlW¬
(7) Axe horizontal des sous−espaces
(8) Numéro du diagnostique
d’intégration courant
(6) Axe vertical des sous−espaces
(5) Axe vertical de l’espace d’intégration
(4) Axe horizontal de l’espace d’intégration
(1) les quatre espaces
pour l’analyse
d’intégration proposés
(3) Palette de couleurs
des valeurs de l’espace
(2) Palette de couleurs
des valeurs des
sous−espaces courants
Njksv({oXSnsgpov({oXf hW{|nsr.fgXi nsikjknPp|judGr.n§¢GX&fghl|ns pojk¢§nqpojkdsr fgXimnwikdsv(X
nY°(sv({oXVYdGrGp|{oXXWr(lovjupoXi jkrIpoX{y£ÉnG XfgXi nq(iujmWnqpojkdsreikds{lo}IvXimnikdsvMXXlyp^nGpojk¢shXs¬(\nqg¦
MXWikdsrl4}Iv nqv loXWjkr fgX imnKikdsvMXstikXlYlodsv(ly¦¯Xlo(nsWXlw¢Ijmlov(nqikjklohl4 dG{o{|XloMdsr(fgXrIp4nqv¥ fgdsrr(hWXl4s¦¯_
fdsrIpRfgXWvg¥.¢Pnq{|jknsiuX;ldsrIph poh°(¥zhXl¬
(2) Support de visualisation
du repère
(1) Intervalle défini par la loupe
(5)
(3) (4)
Njksv{|X SMnqpov{|Xf h; {nqr.fgXi nq(iujmWnqpojkdsr n§¢sX;^nGpojk¢PnPp|judGr.fgXimn4iudGvMX
  hWpojm}Gv(X pyp|X T)UWV fX! XWpyp|X°(Gv{oX{oh;lyXrIpoXikXliknssX;lfgX!¢§nsiuXv{l}IvjlodsrIpwWdsv¢GXW{opoX;l(nq{wiknikdsv(X.fnqr(lwi X;ly(nG X.f jkrIpohs{nPpojkdsr¡fX.fgh(nq{op¬~nq{4nqjkiuikXWv{ltvr%lyv(dG{ypwpo{nqr(lo(ns{oXrGpwXlypwXWV4¦
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\rg°(rtgrdGv(l´dGv¢sdGr(lds(loXW{|¢sX{lyv({WX popoX^°(sv{|X&vrX&¢§ns{ojmnPp|judGrfgX&ikn4fgXr(lyjupohfgX&(nq{opojm v(iuX;lXrGp|{oX
ikXlodsv(lRXlo(nsWX{oh;lyXrIpoh(ns{Ri h p|jk}IvXWpyp|X T ¸ V X p XWikvjfgXi h p|jk}IvXWpyp|X T  V ¬MRjkr(lyjXWr T ¸ V imnfgXr(lyjupohX;lpRWXWrIpo{|hWXXWr
(0, 0)
nqikds{l}Iv XWr T  V vrXfgjkVYjurzvgp|judGrefgXiknYfgXr(loj³p|hXvgp:? p|{oXdG(lyX{o¢GhWXfnqrliknMds{opojkdsr4rhGnPp|ju¢GXfgXl
vx
tsnqjkr(loj}Iv v(rX\nqv(sVYXWrIp|nqpojkdsrwdIlyjupojk¢sXRfnsr(likXWv{Enq{opojkXMdGlojupojk¢sXs¬G  dsvgp|jui
jkVYimnqrIpohMXW{|V4XWpRnqjkr(lyj«fgXlovjk¢I{|X&i hW¢Gdsikvgpojkdsr.fgXl(ns{yp|jkWvikXlnqv  dGv{|lfgXimnwlojkVvimnPp|judGr¬z©i«Xlyp 
r(dqpoX{}Gv(X^imn4{oX{oh;lyXrIp|nPp|judGrT(nsj³p|vXWikikXWVYXWrIpXWVYikdPxshX\rXikX&MXW{|VYX p(nGl´(vjkl|}Iv XWr T  V nqv vrX¢Pns{ojmnPp|judGr!fgXWdsvikXWv{lnqve XrIpo{|XfX&imn4s{|juikikX&r  X;lpR¢zjmlyjkikXs¬
\Er°(rt§iknR°(sv({oX U VYdsrIpo{|Xi jurIpoX{y£ÉnG XfXi nsikjknPpojkdsriudG{|l|}IvXikn\iudGvMXX pi dGvgpojkiIfXMdsjkrGpnqGXlodsrIpRns pojk¢sh;lW¬
(1) Position dans le sous−espace
(2) Valeur pointée par l’outil
(3) Valeur moyenne
Njksv{|X U S§nsgpov{|Xf hW{|nsrfgXi nsikjknPp|judGrV4dGrIpo{nqrIpiknRiudGvXX pi dsvgp|juizfgXEMdsjkrIp|nqGXEfgX¢PnsiuXv{|l
  dGvgpojki#fgXMdsjkrIp|nqGXX{oVYX p\fX dsr(r(n"]mpo{|X&n§¢GX&{|hWjklojudGrimnY¢PnqikXWv{RfgXimnYfgXWrlyjupoh T h pojm}IvX popoX
T  V V Mdsv{vrMdsjkrIpfgdGrrh´fvlydGv(ly¦8X;ly(nG XEWdsr(lojkfhW{|h T h p|jk}IvXWpyp|X T)UWV)V ¬P_\X´iuvlWt;ikn\¢PnqikXWv{V4dPxGXWrr(XfXKimn¡fgXWrlyjupoh nqv loXWjkr fgv lodsvl¦¯Xlo(nsWX¶fgh °rj^nq{ikX?WvMXKXWr iknsr(qtXlyp!hGnsiuXV4XrIp!n
@ThX
T h p|jk}IvXWpypoX T ¸ V V ¬
'ml *,+  :;09s1s1p +- :09s :+.-:-:8309s











#XlYVYXlov{|XlYfgX X{y£¤dG{oVnsr( X;lwdGrIpYhWpoh {|hnqikjmlyhXlwdGv{}Iv(nPp|{oX lyjkVv(iknqpojkdsr(l4Tzxglyjm}IvXlfj³£®¦
£¤h{oXrIpoXltEXWp!Mdsv{Tns v(rX¶f XWrIpo{|X ¦¯XWikiuX;lMdsv{.}GvnPpo{|XeXlo(nG Xlf jkrIpohs{nPpojkdsr fgj hW{|XWrIp|l¬]¶nsjkl
ikXlY{|hloviup|nqp|ldGgpoXrIvlYh p|nsrIplyjkVYjuimnqjk{oX;lYdGv{i Xr(lyXVikX¶fgX¶WXl}Iv(nPp|{oXelojuVwvimnPpojkdsrlWtrdGv(lrX




























Åzv({ikn^°(Gv{oX UU rdGv(ldGv¢sdGr(l¢sdGju{}IvXiuXpnqvg¥fgXWdsVY{|Xl|lyjkdsrwdsgp|XWrzvwX;lpElovMhW{|juXv{  90  V ?V4XYMdsv{fgX;l&{oh; jmlyjkdsrl\£Énsju(iuX;l T ε = 10−8 V ¬#Xw¢GdsikvVYX4fXYfdsrrhXl&Mdsv{vr»fgjmnqsr(dGlypojm}Gv(Xfdsrrh^XlypnsiudG{|l dsVY{|jmlXrGp|{oX
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Taux de compression final
Taille finale des données
Taille après la compression de Haar
ε
Njksv{|X UU SgSnqvg¥.fgX dsVY{|Xl|lojudGrX p¢sdGiuv(V4XfgXfgdGrrhXlf vrefgjknssrdIlp|jk}IvX&XWr ]edYnq{|Uln§¢Gdsjk{X	MX;p|vhvrXWdsVY{|Xl|lyjkdsrf vr(XXW{|{oXv{
ε
Mdsv{i X;lyns Xf jkrGp|hWG{|nqpojkdsr
(x, y)
Z\dqpodGr(lY(ns{nqjkiuikXWv{l}IvX iuX p|XWVY(lfgX¶fh dGVY{oX;lolojkdsr fv fjk pojkdsrr(nsju{|X  dsVYVwvr Xlypf nsv
VYdGjur(l
11− 12





Vl T Mdsv{vr(X^{|hlodsikvgpojkdsr 64× 64 V X p 2 Vl T Mdsv{vr(X{|hlodsikvgp|judGr



























Njksv{|X U S#SXWVY(lXr·VYl(nsl|lohYnsv¡lyXjur·fgXikn.p|{|nsr(l£¤dG{oVYhXjurz¢sX{|loXfgX  \nGnq{Mdsv({fgj Mh{oXrGp|Xl{|hlodsikvgp|judGr(l
(64, 32, 16, 8, 4)
loXWikdsr.ikn4{|hWjklojkdsr
ε
dGv{i X;ly(nG Xf jurIp|hWs{nPp|judGr
(x, y)
n&°(sv{|X U ¸VYdGrGp|{oXikXlpoXWVY(l´fgX\T(ns{oGXWVYXWrIpEfgX;lElydGv(ly¦8X;ly(nG X;llohWikX pojkdsrr(hl(ns{EvrX\iudGvXfXp|nqjkikiuX
8 × 8
t(nsjur(loj}IvXikXpoXWVY(l\fgX dGr(lp|{ovpojkdsr fgX;lRWns{yp|XlfgXT(nsvgpoXv{ldGv{Rimnw{|hlodsikvgp|judGr
Vnq¥zjkVnqikX T {|X dGr(lypo{|v(p|judGr4fgX H′(Du,v) ª po{nqrl£¤dG{oVYhWXjkrz¢sXW{loXfX  \nq{|{ V ¬sn\p|{odGjklojkUWVYXR dGv{oMXlT lydGVYV4XfXlRfgXvg¥!({oXV4jkUW{|Xl V {oX{|hloXWrIpoXikXpoXWVY(lpodqpnqir(h X;lol|nqjk{|X&ikds{lfgvefghiknG XV4XrIp\fgXiknikdsv(XG¬


















Cartes de hauteurs + chargement des sous−espaces
Chargement des sous−espaces sélectionnés
ε






\v°(r(nsiAtGvrX\£¤dsjmlimnT(nGlyX&fgXR{|h ¦©WnsikWvi(X	MX;p|vhWXGtGrdspo{|XRVYh p|TdgfgX^MXW{|VYX pfgX\¢zjmlyv(nsiujmloXW{EXr
p|XWVY(l{ohXWiIfgXlfgdsr(rhWX;l#s¦¯_ fgXimn£¤dG{oVYX

























fdsrrhXls¦¯_ª\pRX pR(ns{Ri jkVYiknsrIp|nPp|judGref v(rXVYh poT(dzfXfgX dGVY{oX;lolojkdsrp|dqpnqikXWVYXWrIp\fgh;fgjuhX4ikn
¢zjmlyvnqikjkl|nPp|judGr¬
#XYloxglp|UWVYXYfgXw¢zjmlyvnqikjkl|nPp|judGr¶Xlyp(nslohwlov{i XWVYikdsjEf vr(XwikdsvMX4£ÉnqjmlonsrIpns(nq{n"]mpo{|XikdgWnqikX ¦
VYXrGpikXlfgh pnqjkiklfgXimnR£¤dGr(p|judGrwfgXfgjmlp|{ojkvgp|judGr(ns{i XWVYikdsjgfgXWnq{opoX;lfX´T(nsvgpoXv{lW¬PX;lfgdsrr(hWXl
XrKfgXTds{l\fgXwikniudGvMXw dG{o{|XloMdsr(fgXrIpt(}Iv(nsrGp XWikikXltMnsvg¥¶fgXWr(lojupohVYdPxGXWrrX;l\nR@T(hWXl 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